A long-term infection of African green monkey brain (AGMBr) cells with Schwarz measles vaccine virus was established and maintained for ~3 infected cell passages over 482 days. Results indicated that the majority of these cells contained latent, non-infectious virus and offered a useful tissue culture model for the study of measles virus in brain tissue. AGMBr cells infected with Edmonston 'wild' or SSPE-I (an isolate from a patient with subacute sclerosing panencephalitis) could not be maintained beyond 2 passages.
A tissue culture model of long-term latent measles infection of brain cells would be most useful for studies of the possible mechanisms of measles virus latency as encountered in the brains of patients with subacute sclerosing panencephalitis (SSPE). Reports from other laboratories have shown that cultures of nervous tissue can support measles virus growth for limited periods. Hamster dorsal-root ganglion cultures released virus for 63 days after measles infection (Raine et aL I97I ) and human foetal brain cells infected with measles vaccine virus strains produced virus for 76 days (Webb, Illavia & Laurence, 197~) . Feldman et al. (I972) reported an ultrastructural study of virus-cell relationships in measles-infected hamster cerebellum cultures. Recently Gibson & Bell (I972) were the first to establish cell lines from the brains of mice infected in vivo with a mouse-adapted measles virus. These cells grew more readily than those from uninfected mouse brains and produced minimal amounts of virus for up to Io months after explanting.
That measles virus can set up a persistent non-yielder association with cells of origin other than nervous tissue is apparent from experiments performed in HeLa (Rustigian, ~966a, b; Minagawa, I97~a, b) and Lu Io6 human embryonic lung cells (Norrby, ~967). More recently, Knight, Duff & Rapp (I972) reported a latent non-yielder measles infection of hamster embryo cells in which 30 to 50 % of the cells carried virus antigen and could be induced to yield infectious virus by co-cultivation with BSC-I cells. The present report describes the establishment of a long-term infection of monkey brain cells by Schwarz measles vaccine virus.
Brain cortex tissue from a normal African green male monkey was trypsinized and primary cultures were grown in medium I99 with 2o % foetal bovine serum (FBS). Monolayers were formed within 2 weeks and subcultures were made thereafter every 2 weeks in Eagle's diploid medium with Io % FBS. These cells are presently in their 38th passage and show a slower growth rate than observed at lower passage levels. The cultures consisted of glial cells and were morphologically homogeneous. When examined at the 8th and 2~st passages the karyotype was that of a normal African green male monkey with the diploid chromosome number of 6o. No obvious markers were present and no aneuploidy was observed although about 5 % of the metaphases showed a tetraploid chromosome number. A more detailed description of this and other monkey and human brain cell cultures will be presented in a future publication. These and all other types of cell cultures used in this work were grown in antibiotic-free medium and were negative when tested for mycoplasma contamination. Virus growth studies with Schwarz attenuated measles vaccine virus (Dow Chemical Co., Indianapolis, Indiana) showed that AGMBr cells yielded lower virus titres and less extensive c.p.e, than did primary African green monkey kidney cells, the continuous African green kidney line BSC-I, or the human amnion cell line FL. Schwarz measles virus also grew less readily in AGMBr cells than did the Edmonston 'wild' strain (obtained in the 6th human embryonic kidney cell passage from Mrs H. Hopps, Bureau of Biologics, FDA, Bethesda, Maryland) or SSPE-I (an isolate from a patient with SSPE which was supplied by Dr J. L. Sever, National Institutes of Health, Bethesda, Maryland).
These observations suggested that the Schwarz virus-AGMBr system might reward study as a possible 'slow virus' model. Accordingly, virus at an input multiplicity of approximately o.I p.f.u./cell was inoculated into Ioth passage AGMBr cell cultures 24 h after seeding the cells in T3o flasks. The cultures were maintained in Eagle's diploid medium with IO to 2o % FBS. Infected cells were transferred when 8o to IOO 9/oo monolayers were achieved and the c.p.e, involved less than 25 % of the monolayer (every 2 to 4 weeks or less frequently during stages of poor growth). Samples of medium were taken at each cell transfer and stored at -7o °C for later assay in BSC-I and Vero cells by a micro-tissue culture procedure (Moreau & Furesz, 1967) . The results summarized in Table I show that low levels of virus were released continuously throughout the 13 cell passages that were achieved before the cells died out 16 months after infection. The unstable nature of the infection was characterized by the alternating intensity of the c.p.e, during cell passages. The cells grew well and achieved monolayers in 2 to 3 weeks (after a 1:2 split subculture) during passages 2, 3, 5, 6, 7, 9 and Io. During passages 4 and 8 and beyond Io, cell growth was much less vigorous and c.p.e. more extensive. From the 3rd passage onwards about half of the cells contained typical eosinophyllic measles inclusion bodies in both cytoplasm and nucleus. Indirect immunofluorescent staining using rabbit measles antiserum and goat antirabbit globulin (BBL, Cockeysville, Maryland) showed that over 90 % of the long-term infected cells carried measles antigen. Chromosome analysis of the long-term infected cells at the I Ith passage (a total of 2I cell passages) showed no change in their normal diploid complement. Attempts to establish long-term infections of AGMBr cells with Edmonston and SSPE-I measles viruses were unsuccessful. In neither case could the infected cells be subcultured more than once and c.p.e, developed steadily. All cells had disappeared by 138 and 97 days in the Edmonston and SSPE-I infected cultures, respectively.
The foregoing experiments indicated that although the great majority of the long-term Schwarz virus-infected AGMBr cells showed specific measles immunofluorescence, only low yields of virus were released by them. Experiments were undertaken to determine quantitatively the virus content, the ability of viable cells to induce plaques and the proportion of cells containing virus-specific antigen during development of the long-term infection. For this purpose normal AGMBr cells were infected with Schwarz virus as previously described. Three consecutive infected cell passages (performed at 2-week intervals) were tested for free virus (F.V.), cell attached virus (C.A.V.) and infectious centres (I.C.) by a plaque assay method on BSCq or Vero cell monolayers in 4-well plastic tissue culture plates (Multiplates, Lux Scientific Corporation, Thousand Oaks, California). F.V. in the supernatant medium bathing the cells was determined after low speed centrifuging to remove cells. C.A.V. and I.C. were determined on washed cells which were counted in a haemacytometer, tested for viability by staining with I:IOOO erythrocin B and divided into 2 equal samples. One sample was frozen and thawed rapidly 3 times, centrifuged to remove cell debris and assayed for C.A.V. The parallel sample was assayed for LC. Virus or infected cells in o.2 or 0-4 ml amounts were adsorbed for 4 h at room temperature and an agarose overlay (similar to the agar overlay previously described by Furesz & Moreau (I965) containing I5 % FBS and o'5 % agarose (Sea Kern, Bausch & Lomb, Rochester, New York) was added to the monolayers. Plates were incubated at 37 °C in a continuous flow incubator in an atmosphere of 5 % CO2. Parallel cultures in tissue culture chamber slides (Lab-Trek Products, Miles Laboratories, Westmount, Illinois) were stained for measles antigen by the indirect immunofluorescent technique. Similar assays were carried out on AGMBr cells infected with Edmonston and SSPE-I virus strains.
Results presented in Table 2 demonstrate that the yields of F.V. and C.A.V. were much lower in the case of Schwarz than in the other two strains. Of greater interest, however, were the I.C. and fluorescent staining data which showed that although a stepwise increase occurred in the proportion of Schwarz virus-infected cells which carried virus antigen at each cell passage, the percentage of cells carrying antigen scoring as infectious centres dropped approximately tenfold between the 2nd and 3rd passages (3"1-8"9 ~ to o'4-I'2 ~). The percentage for the first passage could not be estimated because of the very small number (less than I in IOOOO) of cells taking up fluorescent stain. Edmonston and SSPE-I viruses were much more efficient at converting cells to become both antigen positive and infectious virus producers. Between 26 and 80 ~ of cells rendered antigen-positive by these viruses scored as infectious centres at 7 and 14 days after infection. As successive cell passages were made, the proportion of cells containing Schwarz virus antigen capable of inducing plaques in BSC-I or Vero cells apparently decreased and the majority of these cells appeared to carry virus-related antigen in a non-infectious form.
Unfortunately, since this cell-virus system never reached a stable phase it was not possible to carry out cloning experiments which might lead to the isolation of non-yielder substrains. It is, however, interesting that of the three virus strains studied, only the Schwarz attenuated strain was able to establish a persistent relationship with these brain-derived cells. Comparative studies of two SSPE isolates with a 'wild' and a vaccine strain of measles led HortaBarbosa et al. (197o) to the conclusion that the SSPE virus resembled the vaccine strain more closely than the 'wild' strain. The question of why the SSPE isolate studied in this work did not achieve latency cannot be answered but it should be remembered that all of the SSPE virus strains isolated so far are modified by passage through various tissue cultures. Certain measles virus properties are easily and markedly altered by cell passage (Albrecht & Schumacher, I971) .
Work is continuing with this virus-cell combination and further attempts to establish a stable system are in progress. It is obviously important to study the interaction of measles virus with brain cells because of the increasing amount of evidence that measles may be intimately involved in neurological diseases such as SSPE Payne, Baublis & Itabashi, I969; Kettyls et al. I97O) .
